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in the blood of a patient with high fever. The patient was given
ﬂuoroquinolones and the fever resolved. Four weeks later, he was
diagnosed with non-Hodgkin’s lymphoma and received R-CHOP
(Rituximab, Cyclophosphamide, Doxorubicin, Vincristine,
Prednisolone) treatment resulting in complete remission. This is
the ﬁrst report of detection of Wolbachia genes from the blood of
human patients with non-Hodgkin’s lymphoma.
Clinical Microbiology and Infection © 2014 European Society of
Clinical Microbiology and Infectious Diseases. Published by Elsevier
Ltd. All rights reserved.
Keywords: Infection, non-Hodgkin lymphoma, Wolbachia agent
Original Submission: 29 May 2014; Revised Submission: 13
August 2014; Accepted: 11 September 2014
Editor: D. Raoult
Article published online: 29 October 2014Clin
Cli
httCorresponding author: Yong-Zhen Zhang, Changping Liuzi 5,
Beijing, China
E-mail: zhangyongzhen@icdc.cn
Xiao Ping Chen and Yu Jun Dong contributed equally to this
article; the authors declare no conﬂict of interestsIntroductionObligate intracellular α-Proteobacteria in the Wolbachia genus
are harboured by many species of terrestrial arthropods andMicrobiol Infect 2015; 21: 182.e1–182.e4
nical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Infect
p://dx.doi.org/10.1016/j.cmi.2014.09.008some species of ﬁlarial nematodes. Wolbachia agents are likely
to be the most abundant intracellular bacteria described [1].
However, human infection by Wolbachia has not yet been re-
ported. Herein, we describe detection of Wolbachia genes from
the blood of a patient subsequently diagnosed with non-
Hodgkin’s lymphoma (NHL). The ﬁndings suggest the potential
for Wolbachia bacteria to infect humans.The studyA 50-year-old man with intermittent fever, headache and myal-
gias was initially suspected of having inﬂuenza virus infection. He
was treated with Isatis root (a Chinese herbal medicine thought
to have anti-viral properties) in the local clinic, but remained
symptomatic. On 2 May, 2013 after 2 weeks, he was referred to
the Infectious Diseases Department of Peking University First
Hospital. The patient lived in the greater Beijing region and had
walked in the hills near his house several times in the weeks
before onset of his most recent symptoms. No arthropod bites
or animal exposures were described. During the previous
2 weeks, he noted fever measuring as high as 39.7°C which often
peaked in the late afternoon and was accompanied by chills, but
these symptoms usually resolved within 5 h in the absence of any
speciﬁc treatment. This pattern repeated itself on a daily basis.
On admission, his blood examinations and physical examination
were remarkable only for icteric sclera and hepatosplenomegaly.
He was treated empirically with levoﬂoxacin (0.5 g each day),
meropenem (0.5 g every 8 h), and low doses of glucocorticoids to
reduce persistent fever.
Blood cultures for anaerobes and aerobes were all negative
on three different occasions. The detection of viral pathogens,
including Epstein–Barr virus, human herpesvirus 8, human T
lymphotropic virus type I, HIV and hepatitis C virus were
conducted using indirect immunoﬂuorescence assay and/or
real-time PCR assays in the hospital laboratory. EDTA-
anticoagulated whole blood from admission (day 0) and at day
4 were referred to the CDC laboratory where DNA and RNA
were prepared for other pathogen diagnostic tests. Serological
assays and nested-PCR were performed to detect phlebovi-
ruses and hantaviruses, as well as Brucella bacteria. All these
tests were negative.
Notably, the broad range PCR screen for infection by Rick-
ettsiales revealed an amplicon that with sequence analysis
showed the presence of Wolbachia 16S rRNA gene sequences
in the admission blood sample (day 0) and again on day 4. To
verify these ﬁndings, a PCR designed to target a longer, more
phylogenetically-informative segment of the 5’ end of the Wol-
bachia 16S rRNA gene, and separate PCRs targeting parts of theious Diseases. Published by Elsevier Ltd. All rights reserved
CMI Chen et al. Wolbachia 16S rRNA and fbpA in a patient with non-Hodgkin’s lymphoma 182.e2fbpA gene [2] were performed and revealed 704 and 407 bp
amplicons of16S rRNA (KF881044) and fbpA (KF881045),
respectively. Phylogenetic analyses of the sequences compared
with those retrieved from GenBank (Appendix Table) indicated
that the 16S rRNA and fbpA gene sequences ampliﬁed from the
patient’s blood on days 0 and 4 were identical and clustered
with those of supergroup B members of the genus Wolbachia
(Fig. 1). Wolbachia 16S rRNA and the multilocus sequence
typing gene targets had never before been used in the labora-
tory and ampliﬁcation was not observed in controls. Attempts
to isolate this agent were not successful.
After Wolbachia genes were detected in the blood collected
on day 0 and 4 of fever, levoﬂoxacin [3] was administered for 1
week. Over the next 7 days, his temperature gradually decreasedFIG. 1. Neighbour-joining phylogenetic trees based on GenBank sequences of
obtained from the patient in this study. GenBank accession numbers are sho
Clinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Inand returned to normal. However, during the ensuing 7 days,
jaundice increased and pancytopenia gradually developed. A
bone marrow aspirate revealed 10% large atypical cells with
haemophagocytosis that was classiﬁed as NHL, diffuse large B-
cell type. The patient was transferred to the Haematology
Department for Management with three cycles of R-CHOP
(Rituximab, Cyclophosphamide, Doxorubicin, Vincristine,
Prednisolone). Follow-up bone marrow aspirate and ﬂow
cytometry 2 weeks later showed no malignant cells. Positron
emission tomography–computed tomography revealed no re-
sidual tumour, and the patient’s pancytopenia and liver function
abnormalities resolved. The patient was then considered to have
had a complete remission. No Wolbachia genes were ampliﬁed
from blood obtained at the patient’s hospital discharge.16S rRNA (A) and fbpA (B) genes of Wolbachia, including the sequences
wn after genus/species/strain designations.
fectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 182.e1–182.e4
182.e3 Clinical Microbiology and Infection, Volume 21 Number 2, February 2015 CMIDuring the last decades, the incidence of NHL steadily
increased throughout the world [4]. Some infectious agents
such as Epstein–Barr virus, human herpesvirus 8, human T
lymphotropic virus type I, HIV and hepatitis C virus as well as
certain bacteria are suspected to be associated with NHL [5].
Despite the extensive workup for fever in this case, Wolbachia
was the only microbial agent identiﬁed in the patient blood
samples. It suggested that Wolbachia agents might be related
with the occurrence of NHL or, more likely, only causing
infection in NHL patients. To our knowledge, this is the ﬁrst
report describing Wolbachia genes in human blood. Neverthe-
less, we could not exclude that these Wolbachia genes were
incidentally ampliﬁed from the blood of the patient upon
inoculation of Wolbachia or its genes after being bitten by an
arthropod. Additionally, DNA of Wuchereria bancrofti, a nem-
atode parasite that harbours Wolbachia, has been found in hu-
man blood [6]. Hence, whether the Wolbachia genes had been
released from a nematode infecting this patient could not be
excluded, although the Filariodea coxI gene was not ampliﬁed
from the blood of this patient. However, further studies are
needed to determine whether Wolbachia bacteria are compe-
tent to infect and elicit clinical manifestations in human patients.
Based on phylogenetic analyses, there are currently eight
Wolbachia clades designated A to H. Clades A and B Wolbachia,
harboured by arthropods, could be more easily transmitted
between different host species [7–9]. Additionally, under
experimental conditions, some Wolbachia spp. can infect
mammalian cells, even human cells in vitro [10]. Horizontal
transmission in insects and among helminths occurs via cell–cell
invasion, predation and cannibalism [11,12], among other pos-
sibilities, establishing the potential for horizontal transfer to
animals and humans as well. Hence, Wolbachia spp. should be
further evaluated as causes of human infection, especially as
Wolbachia infection of mosquitoes is increasingly considered to
be a tool for interfering with mosquito-borne transmission of
human pathogens (e.g. Plasmodium spp., dengue virus and Chi-
kungunya virus) [13,14].Transparency declarationThe authors declare that they have no conﬂicts of interest.AcknowledgementsThis work was supported by the National Natural Science
Foundation of China (Grants 81290343, 81201250 and
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Prevention and Control (Grant 2011SKLID101).Clinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and InfectAppendixTABLE. The 16S rRNA and fbpA gene sequences obtained in
this study and retrieved from GenBank for phylogenetic
analyses
GenBank accession no.iouStrain
1
gs Diseases. Published by Elsevier Ltd. All rights reserv6S rRNA
ene fed, CMI, 21, 182bpA geneWolbachia sp. clone BJ2013 (from the patient
in this study)
KF881044 KF881045Wolbachia pipientis isolate wNo host Drosophila
mauritiana
CP003883.1 CP003883.1Wolbachia endosymbiont of Kleidocerys resedae JQ726771.1
Wolbachia endosymbiont of Bryobia spec.
I VIDR-2008
EU499318.1Candidatus Wolbachia inokumae DQ402518.1
Wolbachia pipientis strain wMau DQ235290.1
Wolbachia endosymbiont of Pseudolynchia canariensis
Type 2
DQ115538.1Wolbachia endosymbiont of Culex quinquefasciatus AM999887.1 AM999887.1
Wolbachia Balloniscus sellowii strain wSel8 GQ229444.1
Wolbachia endosymbiont of Sogatella furcifera GQ206310.1
Wolbachia sp. wFur host Sogatella furcifera AB039037.1
Wolbachia endosymbiont of Nysius sp. 2 JQ726766.1
Wolbachia endosymbiont of Apion collare
strain Aco
GU236951.1Wolbachia endosymbiont of Cacoxenus indagator EU930865.1
Wolbachia endosymbiont of Lixus maculatus strain
Lma3
GU236955.1Wolbachia sp. Trichogramma bourarachae AF062592.1
Wolbachia endosymbiont of Osmia cornifrons EU930864.1
Wolbachia Drosophila melanogaster strain wMelPop AB360385.1
Wolbachia Drosophila simulans strain wRi DQ412085.1
Wolbachia endosymbiont of Nephila clavata AF232234.1
Wolbachia endosymbiont of Ixodus ricinus clone
wIric 217F
EF219197.1Wolbachia endosymbiont of Folsomia candida EU831094.1
Wolbachia endosymbiont of Hotaria unmunsana EU930866.1
Wolbachia Drosophila takahashii subgroup
strain wTak
DQ412082.2Wolbachia Mansonella perstans isolate M02-052N AY278355.1
Wolbachia endosymbiont of Mansonella ozzardi AJ279034.1
Wolbachia endosymbiont Nasutitermes takasagoensis DQ837200.1
Wolbachia endosymbiont of Diroﬁlaria immitis strain
DAX
AF487892.1Wolbachia endosymbiont of Onchocerca ochengi AF172401.1
Wolbachia endosymbiont of Nilaparvata lugens FJ713759.1
Wolbachia endosymbiont of Sogatella furcifera FJ713764.1
Wolbachia endosymbiont of Laodelphax striatellus FJ713771.1
Wolbachia endosymbiont of Armadillidium nasatum
strain wNas
EF451553.1Wolbachia endosymbiont of Drosophila neotestacea EU126408.1
Wolbachia endosymbiont of Drosophila orientacea
isolate 8
DQ842356.1Wolbachia endosymbiont of Naupactus cervinus isolate
17GU079632.1Wolbachia endosymbiont of Drosophila bifasciata
isolate 5DQ842353.1Wolbachia endosymbiont of Drosophila melanogaster
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